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[57] ABSTRACT

A method for recording a video signal having lumi-
nance and chrominance signals by using a plurality of
rotary transducing heads on a recording tape moved
longitudinally by a drive mechanism, in which the time
axis of the video signal is extended as long as N times,
the time axis expanded video signal is divided to N
channels, and first and second pilot signals having a
predetermined frequency are alternately inserted into a
predetermined position of a horizontal blanking period
of the divided video signal. In this case, the DC voltage
level of the first and second pilot signals is selected near
the white peak level and near the black level respec-

tively.

An apparatus for recording a video signal having lumi-
nance and chrominance signals on a recording tape 1s
also disclosed which includes a circuit for expanding
the time axis of the video signal, a divider for dividing
the expanded video signal into a plurality of channel
video signals, a circuit for producing first and second
pilot signals having a predetermined frequency and DC
voltage level, the DC voltage level of the first and
second pilot signals being different each other and an
adding circuit for adding said first and second pilot
signals alternately in the horizontal blanking period of
the plurality of channel video signals respectively.

9 Claims, 10 Drawing Figures
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DIFFERENTIAL GAIN AND DIFFERENTIAL
PHASE COMPENSATOR CIRCUIT OF A VIDEO
SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a differential gain
and differential phase compensator circuit for a video
signal. More particularly, the present invention relates
to a differential gain and differential phase compensator
circuit for a video signal suitable for use with a video
tape recorder of a direct recording system employing
more than two video heads more than two.

2. Description of the Prior Art

As the video tape recorder (VTR) of this kind, there
is proposed such a VTR of two-phase recording system
which employs a plurality of video heads, for exampie,
four video heads to record a video signal on a tape in
two-phase recording way. According to the two-phase
recording system, the frequency of a record signal is
lowered to a half (3.) Therefore, in a video signal S1 (see
FIG. 1A), video signals S2 and S3 appearing within
successive two 1H intervals (interval in one period of a
horizontal synchronizing signal) are respectively ex-
panded twice in timebase. And, the timebase-expanded
video signals S2 and S3 (see FIGS. 1B and 1C) are
alternately recorded on a tape in turn by two video
~ heads (namely, A head and B head).

When the video signal is recorded on the tape at each
one scanning line by alternately driving a plurality of
video heads in turn, the characteristics of signal paths
through the respective video heads are different from
one another so that differences appear in a signal distor-

tion such as gain change, phase change, frequency char-

acteristic change and the like. As a result, when the

10

15

20

25

2 |
of the detected results so that the signal distortion ex-
erted upon expanding and recording can be removed.
However, according to the compensation method
thus proposed, since the pilot signal is superimposed
upon the whole of the video signal, as the frequency of
the pilot signal, it is necessary to select the frequency
outside the frequency region of the video signal. As a
result, the frequency region of the record signal on the
tape must be secured over a wide range. As compared
with a case in which upon constructing the circuitry of
the VTR each circuit is designed by only considering
the improvement of the characteristic of the video sig-
nal, the above previously proposed method brings
about the result that the video signal is deteriorated.
And, in this case, since the tape speed must be raised,
the tape consumption amount must also be increased.

OBJECTS AND SUMMARY OF THE
INVENTION

Accordingly, it is an object of the present invention
to provide an improved differential gain and differential
phase compensator circuit for a video signal.

It is another object of the present invention to pro-
vide a differential gain and differential phase compensa-
tor circuit for a video signal which can obviate the

" defects inherent in the conventional method in which
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recorded signal is reproduced, the characteristic re-

garding a reproduced image changes at each scanning
line so that the picture quality of the reproduced image
is inevitably deteriorated considerably on the whole.

Particularly when there is any change in the white
level regarding the whole of the video signal, the
brightness on the picture screen is also changed at each
scanning line. Moreover, when the level of the chroma
signal in the video signal is changed, the depth of color
on the picture screen is also changed at every scanning
line. Furthermore, when the phase of the chroma or
color signal is changed, the hue on the picture screen i1s
also changed at each scanning line. At any rate, a so-
called line crawling phenomenon occurs on the picture
screen and hence a stripe pattern appears on the picture
screen.

Moreover, when the timebases of the signals repro-
duced by the A head and the B head are not exactly
coincident with each other, a so-called hue change
occurs at each scanning line so that color shades are
caused to change.

Therefore, in order to solve the above problems, in
the art there is proposed a method in which the whole
of the video signal is successively superimposed with a
pilot signal and then recorded to thereby give the pilot
signal with a signal distortion which is exerted on the
video signal upon recording. Upon reproducing, this
pilot signal is extracted, the signal distortion which 1s
effected on the video signal is detected by detecting
various distortions exerted on the pilot signal and the
reproduced video signal is compensated for on the basis
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pilot signals are successively superimposed upon the
whole area of the video signal.

It is further object of the present invention to provide
a differential gain and differentiali phase compensator
circuit for a video signal which can surely compensate
for a distortion which is effected on a video signal upon
recording without extending the frequency region of a
record signal.

It is still further object of the present invention to
provide a differential gain and differential phase com-
pensator circuit for a video signal which is suitable for
use with a video tape recorder of a direct recording
systemn having more than two video heads.

According to one aspect of the present invention,
there is provided a method for recording a video signal
having luminance and chrominance signais by using a
plurality of rotary transducing heads on a recording
tape, moved longitudinally by a drive mechanism, com-
prising the steps of:

expanding a time axis of said video signal as long as N
times, dividing said time axis expanded video signal to
N channels; and

inserting first and second pilot signals having a prede-
termined frequency alternately in a predetermined posi-
tion of a horizontal blanking period of said divided
video signal, a DC voltage level of said first and second
pilot signals being near white peak level and near black
level respectively. |

According to another aspect of the present invention,
there is also provided an apparatus for recording a
video signal having luminance and chrominance signais
on a recording tape comprising: |

means for expanding time axis of said video signal;

means for dividing said expanded video signal into a
plurality of channel video signals;

means for producing first and second pilot signais
having a predetermined frequency and DC. voltage
level, said DC. voltage level of said first and second
pilot signals being different each other; and

means for adding said first and second pilot signals
alternately in a horizontal blanking period of said plu-
rality of channel video signals respectively.
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According to a further aspect of the present inven-
tion, there is provided an apparatus for reproducing a
video signal having luminance and chrominance signals
from a recording tape by using a plurality of transduc-
ing heads, said video signal being recorded by process-
ing a time axis expansion, division to a plurality of chan-
nel video signals and insertion of a pilot signal, said pilot
signal having at least two forms of pilot signals and

being inserted in a predetermined position of a horizon-
tal blanking of said expanded and divided video signals

respectively and alternately, saiq at least two forms of
pilot signals having different DC voltage levels respec-

tively, comprising: |
means for reducing a time base error of said repro-
duced video signals;

means for combining said plurality of channel video
signals to one channel video signal; N

means for reproducing said at least two pilot signals;
and |

means for compensating a chroma level and chroma
phase of said one channel video signal in response to
said reproduced at least two pilot signals.

The other objects, features and advantages of the
present invention will become apparent from the fol-
lowing description taken in conjunction with the ac-
companying drawings through which the like refer-
ences designate the same elements and parts.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are respectively signal waveform
diagrams used to explain a two-phase recording system;

FIGS. 2A to 2D are respectively signal waveform
diagrams showing video signals in which pilot signals
are inserted;
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FIG. 3 is a block diagram showing an embodiment of 35

a video signal compensator circuit according to the
present invention; and

FIGS. 4 and 5 are respectively schematic circuit
diagrams showing the detailed construction of the video
signal compensator circuit shown in FIG. 3.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

- An embodiment of the present invention will herein-
after be described in detail with reference to the at-
tached drawings.

Two-phase timebase expanded video signals S2 and
S3 recorded on a tape shown in FIGS. 1B and 1C are
reproduced by A head and B head, respectively. Here,
the video signals reproduced by the A head and the B
head are referred to as a first channel reproduced signal
and a second channel reproduced signal, respectively.

The first and second channel reproduced video sig-
nals are of signal systems in which pilot signals P1 and
P2, each having a mean level at a white level position or
black level position are mserted into a video signal S11
shown in FIG. 2A at a part of the horizontal blanking
interval W thereof, for example, the time posttion of the
front porch as shown in FIGS. 2B or 2C. And, the
extended video signal S11 in which the pilot signals P1
and P2 are inserted for each channel 1s alternately re-
corded on a tape in turn.

In the case of this embodiment, the frequencies and
phases of the pilot signals P1 and P2 are selected so as to
be synchronized with a burst signal B placed at the back
porch of a horizontal synchronizing signal H. More-
over, the relation between the t{ime position of the hori-
zontal synchronizing signal H and that of the burst
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signal B is selected to be a known value, and the burst
signal B and the horizontal synchronizing signal H can
be substituted with each other, whereby the construc-
tion of a reproduced signal processing system can be
simplified.

First and second channel reproduced video signals
S21 and S22 reproduced from the tape by the A head
and the B head as described above are respectively
supplied to first and second channel reproduced signal
input terminals 2 and 3 of a video signal compensator
circutt 1 shown in FIG. 3.

The video signal compensator circuit 1 is adapted to
latch the first and second channel reproduced signals
S21 and S22 converted into the form of digital data
having a predetermined sampling time interval in a
sample data taken-in or latch circuit 4. The sample data
latch circuit 4 includes, as shown in FIG. 4, a sample
data memory S in which the first and second channel
reproduced signals S21 and S22, supplied thereto
through analog-to-digital (A/D) converter circuits 6
and 7, are written in response to write signals S23 and
S24 generated from a timing control circuit 8 and from
which the written signals are read out in response 10 a
read signal S25 from the control circuit 8 under the
timebase being compressed.

The timing control circuit 8 inciudes, as shown in
F1G. 4, write signal generator circuits 9 and 10. The
write signal generator circuits 9 and 10 are adapted to
extract the burst signal B from the first and second
channel reproduced signals S21 and S22 (see FIGS. 2B
and 2C) and generate the write signals S23 and S24
which occur with a predetermined angle relative to the
burst signal B and have the frequency 4 fscr which 1s,
for example, four times the subcarrier frequency fscr
(=4fsc) of the burst signal B contained in the timebase-
extended video signal S11. The write signals S23 and
S24 each consist of a signal which contains the sampling
timing and address useful for storing the sampled data
of the first and second channel reproduced signals S21
and S22 at each sampling timing. The write signals S23
and S24 are respectively supplied to the A/D converter
circuits 6 and 7 and the sample data memory 5, and
further a memory control circuit 11 provided in the
timing control circuit 8. Thus, in the sample data mem-
ory 5 are stored the sample data of the reproduced
signals S21 and S22 in which the pilot signals P1 and P2
of white level or black level are inserted at every first
and second channels in response to the burst signal and

the horizontal synchronizing signal at the timing of 4

fscr-
The data stored in the sample data memory S is read

out therefrom in response to the read signal 828 from
the memory control circuit 11 which is driven by a read
clock signal S26 generated from a read clock generator
circuit 15 provided in a speed error control circuit 14
which is provided in the timing control circuit 8. The
speed error control circuit 14 includes, as shown in
FIG. 4, a speed error memory 16 which stores a phase
difference between the write signals S18 and S19 sent
from the write signal generator circuits 9 and 10 and a
reference signal S27 obtained from the memory control
circuit 11 in response to the read clock signal S26. The
stored output from the speed error memory 16 is inte-
grated in an integral circuit 17 to form a speed error
signal S28. This speed error signal S28 is added with a
chroma phase detecting signal S29, supplied from a
chroma phase detecting circuit 19 (refer to FIG. 3), in
an adding circuit 18, which added output S32 then is
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supplied to a phase shifter circuit 20. The phase shifter
circuit 20 is supplied with a reference subcarrier fre-
quency signal S31 of the frequency fsc generated from
a reference signal generator circuit 21 based on a station
reference signal S30 to thereby shift the phase thereof in
response to the output signal S32 from the adding cir-
cuit 18 so that the read clock generator circuit 15 gener-
ates the read clock signal S26 which has the phase thus
shifted.

In the speed error control circuit 14 constructed as
mentioned above, although the phase of the write sig-
nals S18 and S19 in response to the first and second
channel reproduced signals S21 and S22 stored in the
speed error memory 16 is changed in accordance with
the change of the tape speed upon reproducing, the
phase shift amount corresponding to the integrated
value of the tape speed is supplied to the phase shifter
circuit 20 so that in the phase shifter circuit 20 the phase
of the reference signal S31 can be controlled to follow
the phase of the write signals S18 and S19. Thus, based
upon the reference signal S31 having no timebase fluc-
tuation and obtained from the reference signal genera-
tor circuit 21, the read clock signal S26 of the subcarrier
frequency having a phase corresponding to the phase of
the first and second channel reproduced signals S21 and
S22 can be produced from the read clock generator
circuit 15.

The correcting signal S29 supplied to the adding
circuit 18 in the speed error control circuit 14 from the

=~ chroma phase detector circuit 19 has the level corre-

- sponding to the shift amount when the phase of a

" chroma signal C (refer to FIG. 3) of the first and second

" channel reproduced signals S21 and S22 supplied now is
displaced from the reference value and, then fed to the
adding circuit 18 in the mode which cancels the shift
amount as will be described later. Consequently, the
output terminal of the read clock generator circuit 15

-~ delivers the stable read clock signal S26 in which the
" phase shift caused when the chroma signals C in the

- reproduced signals S21 and S22 are displaced from each
- other 1s corrected.

This read clock signal S26 is supplied to the memory
control circuit 11 to sequentially specify the addresses
of the sample data stored in the sample data memory 5
while to read the sample data therefrom. The read clock
signal S26 is further supplied to a digital-to-analog
(D/A) converter circuit 22 provided at the output ter-
minal of sample data memory 5 so that the sample data
therefrom is delivered as the video signal of the analog
value through the D/A converter circuit 22, a video
gain control circuit 23 and further a chroma gain con-
trol circuit 24 and then delivered as a video output
signal S33 of the video signal compensator circuit 1.

Since the frequency fscr of the write signals S18 and
S19 (accordingly, S23 and S24) is selected to be the half
the subcarrier frequency fsc (fscr=124fsc), the video
output signal S33, in which the timebases of the first and
second channel reproduced signals S21 and S22 were
extended upon recording is compressed to the hallf.

In the case of this embodiment, the memory control
circuit 11 generates a channel mode signal S35 indicat-
ing the channel number of the data now being read out
from the sample data memory § on the basts of the read
clock signal S26 and the write signals S23 and S24.

The video gain control circuit 23 and the chroma
gain control circuit 24 are controlled by a video gain
correcting circuit 25 and a chroma level correcting
circuit 26 (refer to FIG. 3) which are driven in response
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to the luminance signal Y and the chroma signal C
contained in the video output signal S33.

That is, the video output signal S33 is supplhed to a
luminance/chroma separating circuit 31 (see FIG. 4)
which then separates the luminance signal Y and the
chroma signal C. The chroma signal C is supplied to the
chroma level correcting circuit 26 and a chroma phase
correcting circuit 27 (shown in FIG. §), while the lumi-
nance signal Y is supplied to a pilot sample circuit 32.
The pilot sample circuit 32 is supplied with a sample
signal S37 generated from the reference signal genera-
tor circuit 21 in the timing control circuit 8.

As shown in FIG. 2D, the sample signal S37 is the
sample pulse which is generated in the interval in which
the pilot signal P1 or P2 is inserted. Consequently, a
sample value signal S38 of pulse form is provided in the
sample pilot circuit 32 by sampling the luminance signal
Y indicative of the white level and the black level at
time position in which the pilot signal P1 or P2 is in-
serted in response to the sample signal S37 and then is
delivered to the video gain correcting circuit 25 and a
white level-black level detecting circuit 33.

The video gain correcting circuit 25 is adapted to
correct the level of the video output signal S33 sequen-
tially read out from the sample data latch circuit 4 so as
to be matched with the reference value by detecting the
difference of the white level thereof. As shown in FIG.
4, in the video gain correcting circuit 25, the sample
value signal S38 is supplied through an input side
switching circuit 34 to hold circuits 35 and 36 each
formed of a capacitor and held therein. The voltage
thus held is compared with a reference voltage of a
reference voltage source 37, and a correcting signal S39
formed of analog voltage corresponding to the differ-
ence between the voltage held and the reference volt-
age is supplied through an output side switching circuit
38 to the video gain control circuit 23. The input side
switching circuit 34 is supplied with a white level-black
level detecting signal S40 generated from the white

level-black level detecting circuit 33. When the content

thereof indicates the black level detection, the movable
contact d of the switching circuit 34 is held in position
at a neutral contact b thereof. While, the input side
switching circuit 34 is supplied with the channel mode
signal S35 delivered from the memory control circuit 11
in the timing control circuit 8. When the content of the
signal S35 indicates the first channel or the second chan-
nel, the movable contact d of the switching circuit 34 1s
switchably connected to either of the first and second
channel side contacts a and c. On the other hand, the
output side switching circuit 38 is supplied with the
channel mode signal S35. When the content thereof
indicates the first or second channel, the movable
contact g of the switching circuit 38 is changed in posi-
tion to the first or second channel side fixed contact e or
f. |

Thus, in the video gain compensator circuit 25, if the
pilot signal P1 of the white level is inserted when the
first or second channel signal of the video output signal
S33 arrives the DC level value of the luminance signal
Y is held in the hold circuit 35 or 36 through the input
side switching circuit 34 and the compensating signal
S39 which lowers the gain of the video signal when 1ts
held voltage is higher than the output voltage from the
reference voltage source 37 and which raises the gain of
the video signal when the held voltage is lower than the
output voltage is delivered through the output side

switching circuit 38.
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As shown in FIG. 4, the white level-black level de-
tecting circuit 33 includes a comparator circuit 41
which is supplied with a reference voltage of the level
corresponding to the level between the white level and
the black level from a reference voltage source 40.
- Thus, the white level-black level detecting circuit 33
generates a white level-black level detecting signal S40

which becomes logic l—_I-H when the level of the sample
value signal S38 i1s white level and logic I_E_I when it 1s

black level.

In the chroma level compensator circuit 26, as shown
in FIG. 5, an envelope detector circuit 43 receives the
chroma signal C which is derived from the luminance/-
chroma separator circuit 31 and supplies its envelope
output to a sampling circuit 44 which is operated by the
pilot sample signal $37. Thus, at the output terminal of
the sampling circuit 44 appears a sample value signal
S41 of pulse form which is provided by sampling the
DC level value substantially corresponding to the level
of the pilot signal P1 or P2. This sample value signal S41
is respectively held by way of a hold change-over
switching circuit 45 in a first channel black level hold-
ing circuit 46, a second channel black level holding
circuit 47, a first channel white level holding circuit 48
and a second channel white level holding circuit 49.

The hold change-over switching circuit 45 1s supplied
with the channel mode signal S35 and the white level-
black level detecting signal S40 and then selectively
supplies the sample value signal S41 of the sampling
circuit 44 to the holding circuits 46 to 49 corresponding
to the channel number and the white-black level which
are specified by the combination corresponding to the
contents of the channel mode signal S35 and the white
level-black level detecting signal S40. The first and
second channel black level holding circuits 46 and 47
are connected to first and second input terminals f and
g of a first read specifying change-over switching cir-
cuit 50, while the first and second channel white level
holding circuits 48 and 49 are connected to first and
second input terminals 1 and j of a second read specify-
ing change-over switching circuit 51. The switching
~ circuits 50 and 51 are operated in gang with each other
in response to the channel mode signal S35 so that when
the content of the channel mode signal S35 is the first
- channel mode, they respectively deliver through their
movable contacts h and k the voltages held in the first
channel black level and white level holding circuits 46
and 48 to comparator circuiis 52 and 53, while when the
content of the channel mode signal S35 i1s the second
channel mode, they supply respectively the voltages
held in the second channel black level and white level
holding circuits 47 and 49 to the comparator circuits 52
and 53.

The comparator circuits 52 and 53 are supplied with
a reference voltage from a common reference voltage
source 54 and deliver respective difference output volt-
ages 10 an adding circuit §5. Thus, in the adding circuit
55, informations regarding the amplitudes of the black
level and white level signals of the first channel and
second channel are added together and then supplied to
the chroma gain control circuit 24 as a chroma gain
compensation signal S42. The chroma gain control
circuit 24 is adapted to operate in such a manner that
after the chroma signal in the video signal fed from the
video gain control circuit 23 is separated from the lumi-
nance signal and the amplitude of the chroma signal is
adjusted, this chroma signal is superimposed upon the
luminance signal and then the video signal 1s delivered
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as the video output signal S33. Thus, the amplitude of
the pilot signal contained in the chroma signal 1s con-
trolled together with the chroma signal and compen-
sated so as to egual the value corresponding to the
reference voltage supplied from the reference voltage
source 54 in the chroma level compensating circuit 26.

In addition to the construction thus made, a multi-

plier circuit 56 is connected to the output side of the
comparator circuit 53 located at the white level side of
the chroma level compensator circuit 26, which then

multiplies a difference output S43 of the comparator
circuit 53 with the luminance signal Y. As a result, an
output signal S44 from the multiplier circuit 56 amends
the value of the chroma level compensation signal S42
in response to the level of the luminance signal Y made
when the level of the pilot signal P1 inserted into the
white level is displaced from the reference voltage of
the reference voltage source 54. By the way, in the
signal processing system where a video signal 1s re-
corded on a tape and reproduced therefrom, a distortion
amount of the amplitude of the video signal when the
video signal is generally changed from the black level to
the white level changes in thé nonlinear way. As a
result, the amplitude distortion of the pilot signal P1 at
the white level becomes different from that of the am-
plitude of the pilot signal P2 at the black level (becomes
large or small). Accordingly, in the case of FIG. 5, the
multiplier circuit 56 is adapted to multiply the differ-
ence output S43 with the luminance signal Y in such a
way that the compensation amount based on the sam-
pled value regarding the pilot signal P1 of the white
level is determined on the basis of the black level so as
to cancel out the nonlinear influence.

In the chroma phase compensator circuit 27 (19 in
FIG. 3), as shown in FIG. §, the chroma signal C sepa-
rated by the luminance/chroma separator circuit 31 1s
supplied to a phase comparator circuit 61 which then
generates a phase difference signal S51 between the
above chroma signal C and the reference subcarrier
signal S31 from the reference signal generator circuit 21
(see FIG. 4). This phase difference signal S51 is held
through a hold change-over switching circuit 62 in a
first channel black level holding circuit 63, a second
channel] black level holding circuit 64, a first channel
white level holding circuit 65 and a second channel
white level holding circuit 66, respectively.

Similarly as described in the chroma level compensa-
tor circuit 26, the hold change-over switching circuit 62
is supplied with the channel mode signal S35 and the
white level-black level detecting signal S40 and then
allows the phase difference signal S51 from the phase
comparator circuit 61 to selectively be supplied to the
holding circuits 63 to 66 specified by the combination
corresponding to the contents of the channel mode
signal S35 and the white level-black level detecting
signal §40. The first and second channel black level
holding circuits 63 and 64 are respectively connected to
first and second input terminals f and g of a first read
specifying change-over switching circuit 67, while the
first and second white level holding circuits 65 and 66
are respectively connected to first and second input
terminals 1 and j of a second read specifying change-
over switching circuit 68. The switching circuits 67 and
68 are operated in gang with each other in response to
the channel mode signal S35 so that when the content of
the channel mode signal S35 is the first channel mode,
they allow the voltages held in the first channel black
level and white level holding circuits 63 and 65 to be
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delivered through their movable contacts h and k to
comparator circuits 69 and 70, while when the content
of the channel mode signal S35 is the second channel
mode, they allow the voltage held in the second channel
black level and white level holding circuits 64 and 66 to
be delivered to the comparator circuits 69 and 70.

The comparator circuits 69 and 70 are supplied with
a common reference voltage, for example, earth poten-
tial, from which the respective difference signals are
supplied to an adding circuit 71. Thus, informations
regarding the phases of the black level and white level
of the pilot signals P2 and P1 at the first and second
channels are added together at the adding circuit 71 and
then supplied therefrom to the adding circuit 18 in the
speed error control circuit 14 as the chroma phase com-
pensation signal S52 so that the phases of the pilot sig-
nals P1 and P2, namely, the phase of the chroma signal
is compensated to equal the value corresponding to the
- ground potential which is the reference voltage.

In addition to the construction mentioned as above,
also in the case of the chroma phase compensator circuit
27, a multiplier circuit 72 which receives the luminance
signal Y as its one multiplying output is connected to
the output side of the white level side comparator cir-
cuit 70 similarly as described in the chroma level com-
pensator circuit 26. In consequence, in the signal pro-
cessing system where the video signal is recorded on
the tape and reproduced therefrom, the nonlinear dis-
tortion amount of the phase of the video signal when the
video signal is changed from the black level to the white
level can be compensated for by changing the differ-
ence signal at the white level side in response to the
luminance signal Y.

With the construction mentioned above, when the
first and second channel reproduced video signals 521
and S22 (see FIGS. 2B and 2C) reproduced from the
tape arrive at the sample data latch circuit 4, the sample

- data are stored in the sample data memory 5 by the

~ write signals S23 and S24 generated from the write
% - signal generator circuits 9 and 10 (shown in FIG. 4) on
“- the basis of the burst signal B. The data stored therein 1s

-~ compressed in timebase, read out in turn by the read

clock signal S26 from the read clock generator circuit
15 in the speed error control circuit 14, and then deliv-
ered sequentially through the video gain control circuit
23 and the chroma gain control circuit 24 as the video
output signal S33.

The speed error control circuit 14 is operated in such
a manner that the phase of the read clock signal S26 1s
followed to those of the write signals S23 and S24 by
driving the phase shifter circuit 20 to make the phase
difference among the phase of the reference subcarrier
signal S31 generated from the reference signal genera-
tor circuit 21 and the phases of the read clock signal S26
and the write signals S23 and S24 zero, thus preventing
the timebase of the read clock signal S26 from being
fluctuated.

On the other hand, in the video gain compensator
circuit 25 (see FIG. 4), when the video signal of one
field in which the pilot signals are inserted into the first
channel and second channel white levels 1s read out
from the sample data memory 5, the level value of the
luminance signal Y at the interval in which the pilot
signal is inserted is obtained from the pilot sampie cir-
cuit 32 and then held in the holding circuits 35 and 36.
And, by the use of the voltages held therein, the gain of
the video gain control circuit 23 is compensated for to
be equal to the level corresponding to the reference
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voltage of the reference voltage source 37. When the
reference voltage common to the first and second chan-
nels is employed, the level of the video signal i1s com-
pensated for so as to make the levels of the luminance
signals of the first and second channels equal to each
other. Thus, such a level compensation is possible that a
line crawling phenomenon is not caused on the repro-
duced picture, By the way, when the luminance signals
of the video signals of one field in the first and second
channels become inconsistent with one another, the
brightness of the scanning line is different at every ather
scanning line, and a stripe pattern appears conspicuous.
However, according to the construction mentioned
above, it is possible to prevent such phenomenon from
occurring in advance.

At the same time, the amplitudes of the pilot signal P1
or P2 portion of one field interval in which the white .
level or black level pilot signal is inserted in the first or

second channel are held in the holding circuits 46 to 49

in the chroma level compensator circuit 26 (see FIG. J),
respectively. The voltages thus held are added together
in the adding circuit 55 as the difference signal against
the reference voltage of the reference voltage source 54
regarding both of the channels of the black level and
white level at every first or second channel, which then:

are supplied to the chroma gain control circuit 24 as the

compensation signal S42. Thus, the amplitude of the
pilot signals P1 and P2 is compensated to become the
value corresponding to the reference voltage. Thus, the
chroma signal C separated by the luminance/chroma
separator circuit 31 (see FIG. 4) is compensated for. As
a result, the depth of the colors on the picture screen
can be made uniform on the whole.

Further, at the same time, the chroma signal C 1s
compared with the reference subcarrier signal S31 by
the phase comparator circuit 61 in the chroma phase
compensator circuit 27 (see FIG. §). And, the voltage
corresponding to the phase difference therebetween is
held in the holding circuits 63 to 66, respectively. The
voltages thus held are added together in an adding cir-
cuit 71 as the difference signal against the reference
voltage (in this case, the earth potential) regarding both
the channels of the black level and white level at each
first or second channel, and the added signal is then
delivered to the adding circuit 18 in the speed error
control circuit 14 (see FIG. 4) as the chroma phase
compensation signal S29. Thus, the phase shift amount
of the phase shifter circuit 20 in the speed error control
circuit 14 is controlled in such a manner that the phase
of the pilot signals P1 and P2 and accordingly the
chroma signal may become the value corresponding to
the reference voltage, and then the read clock signal
S26 having the phase corresponding thereto is gener-
ated. Therefore, it is possible to prevent in advance a
phenomenon in which the hue changes at each scanning
line on the picture screei.

According to the video signal compensator circuit 1
as described above with reference to FIGS. 3 to 5, on
the basis of the stable reference subcarrier signal S31, it
is possible to read out from the sample data memory 5
the video output signal S33 which includes the chroma
signal of the phase changing to follow the change of the
phase of the burst signal contained in the first and sec-
ond channel reproduced video signals. As a result, the
amplitudes and the phases of the pilot signals P1 and P2
inserted into the horizontal blanking interval can be
compensated for to become equal to the reference val-
ues determined by the chroma level compensator cir-
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cuit 26 and the chroma phase compensator circuit 27.
Accordingly, even when the distortion occurs In the
amplitude and phase of the chroma signal upon expand-
ing the timebase of the video signal just as in, for exam-
ple, two-phase system, the compensation therefor can
be made by compensating for the amplitude and phase
of the pilot signal inserted into a part of the horizontal
- blanking interval.

While in the above the frequency of the pilot signal is
selecied to be the value same as that of the subcarner of
the chroma signal, if that frequency i1s selected to be a
different value, the same effect as mentioned above can
be achieved.

While in the above embodiment the pilot signal 1s
inserted into the white level and black level positions, 1
the pilot signal is inserted into a desired position accord-
ing to the necessity, the same effect as that of the above
embodiment can be achieved.

As set forth above, according to the present 1nven-
tion, since the pilot signal is inserted into the positions of 2
the white level and the black level in a part of the hori-
zontal blanking interval, even if the frequency within
the range of the frequency band of the video signal 1s
assigned to the pilot signal, such pilot signal can be
extracted surely. Accordingly, without expanding the
frequency band range, the amplitudes and phases of the
reproduced video signal or chroma signal can be com-
pensated for to equal to the reference values and thus a
picture having a good quality can be reproduced.

The above description is given on a single preferred
embodiment of the invention, but it will be apparent
that many modifications and variations could be ef-
fected by one skilled in the art without departing from
the spirit or scope of the novel concepts of the inven-
tion, so that the scope of the invention should be deter-
mined by the appended claims only.

We claim as our invention:

1. A method of processing a video signal having lumi-
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nance and chrominance signals by using a plurality of 4q

rotary transducing heads and a recording tape which is
moved longitudinally by a drive mechanism, compris-
ing the steps of:

expanding a time axis of said video signal by a factor

of N to form a time axis expanded video signal;

dividing said time axis expanded video signal into N

video channels to form N divided, expanded video
signals each having a horizontal blanking period;
and

inserting first and second pilot signals each having a

predetermined frequency and DC voltage level
alternately in a predetermined position in succes-
sive ones of said horizontal blanking periods, said
first pilot signal having a DC voltage level near
white peak level and said second pilot signal hav-
ing a DC voltage level near black level.

2. A method according to claim 1, in which said
video signal includes a color burst subcarrier signal and
said predetermined frequency bears a predetermined
relaiion to a frequency component of said color burst
subcarrier signal.

3. An apparatus for processing a video signal having
luminance and chrominance signals comprising:

means for expanding a time axis of said video signal

by a factor of N to form a time axis expanded video
signal;

means for dividing said time axis expanded video

signal into N video channels to form N divided,
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expanded video signals each havmg a horizontal
blanking period;

means for producing first and second pilot signals
each having a predetermined frequency and DC
voltage level, said DC voltage level of said first
pilot signal being different from said DC voltage

~ level of said second pilot signal; and

means for adding said first and second pilot signals
alternately in successive ones of said horizontal
blanking periods.

4. An apparatus according to claim 3, in which each
of said divided, expanded video signals includes a color
burst signal having a component of a given frequency
and said predetermined frequency of said pilot signals 1s
equal to said given frequency.

5. An apparatus for reproducing and processing a
video signal having luminance and chrominance signals
from a recording tape, said video signal being recorded -
by a process including a time axts expansion by a factor
of N, division into N video channels to form N divided,
expanded video signals each having a horizontal biank-
ing period, and insertion of pilot signals, said pilot sig-
nals having first and second forms and being alternately
inserted in a predetermined position of successive ones
of said horizontal blanking periods, said first form of
pilot signal having a DC voltage level different from
said second form of pilot signal; said apparatus compris-
ing:

a plurality of transducing heads for generating N
reproduced, divided, expanded video signals from
said tape, said reproduced, divided, expanded
video signals having a chroma level and a chroma
phase and being subject to a time base error;

means responsive to said reproduced, divided, ex-
panded video signals for reducing said time base
error;

means for combining said N reproduced, divided,
expanded video signals into one channel video
signal having a chroma level and a chroma phase;

means for reproducing said two pilot signals; and

means responsive to said pilot signals for compensat-
ing said chroma level and said chroma phase of said
one channel video signal in response to said repro-
duced pilot signals.

6. An apparatus for reproducing and processing a
video signal having luminance and chrominance signals
from a recording tape, said video signal being recorded
by a process including a time axis expansion, division
into a plurality of video channels to form a plurality of
divided, expanded video signals each having a horizon-
tal blanking period, and insertion of pilot signals, said
pilot signals having at least two forms and being alter-
nately inserted in a predetermined position of successive
ones of said horizontal blanking periods, said two forms
of pilot signals respectively having different DC voli-
age levels; said apparatus comprising;: |

a plurality of transducing heads for generating a plu-
rality of reproduced, divided, expanded video sig-
nals from said tape, said reproduced, divided, ex-
panded video signals having a chroma level and a
chroma phase and being subject to a time base
error;

means responsive to said reproduced, divided, ex-
panded video signals for reducing said time base
error;

means for combining said plurality of reproduced,
divided, expanded video signals into one channel
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video signal having a chroma level and a chroma
phase;

means for reproducing said two pilot signals; and

means responsive to said pilot signals for compensat-
ing said chroma level and said chroma phase of said
one channel video signal in response to satd repro-
duced pilot

in which said chroma level compensating means com-
prises a detecting circuit for detecting levels of said
reproduced pilot signals, a memory circuit respon-
sive to said detecting circuit for memorizing levels
of said reproduced pilot signals as detected by said
detecting circuit, a comparing circuit responsive to
said memory circuit for making comparisons of
levels of said reproduced pilot signals as memo-
rized by said memory circuit to a reference level
and producing output signals which are based on
said comparisons and indicative of level errors of
said reproduced pilot signals, a circuit for mixing
said output signals to produce a chroma gain com-
pensation signal, and a chroma level controlling
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circuit controlled by said chroma gain compensa-
tion signal to compensate for said level errors.

7. An apparatus according to claim 6, in which said
chroma phase compensating means comprises a phase
comparator for determining phase errors between each
of said reproduced pilot signals and a reference signal, a
memory circuit responsive to said phase comparator for
memorizing said phase errors, a level comparator re-
sponsive to said memory circuit for producing phase
information output signals related to said phase errors, a
phase information mixing circuit for mixing said phase
information output signals to produce a chroma phase
correcting signal, and a chroma phase controlling cir-
cuit controlled by said chroma phase correcting signal
to compensate for said phase errors.

8. An apparatus according to claim 7, in which said
two pilot signals respectively have different DC voltage
levels. - |

9. An apparatus according to claim 8, in which one of
said DC voltage levels is near white DC level and the

other is near black DC level.
* % % *%x X
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